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TITLE OF THE INVENTION 

METHODS AND COMPOSITIONS FOR ENHANCING THE DELIVERY OF A 

NUCLEIC ACID TO A CELL 

STATEMENT REGARDING FEDERALLY SUPPORTED 
RESEARCH AND DEVELOPMENT 

This invention was supported in part by U.S. Government funds (NIH 
Grant No. HL 38118), and the U.S. Government may therefore have certain rights in 
the invention. 

BACKGROUND OF THE INVENTION 
Gene therapy is generally understood to refer to techniques designed to 
deliver nucleic acids, including antisense DNA and RNA, ribozymes, viral fragments 
and functionally active therapeutic genes into targeted cells (Culver, 1994, Gene 
Therapy: A Handbook for Physicians , Mary Ann Liebert, Inc., New York, NY). Such 
nucleic acids may themselves be therapeutic, as for example antisense DNAs that 
inhibit mRNA translation, or they may encode, for example, therapeutic proteins that 
promote, inhibit, augment, or replace cellular functions. 

A serious shortcoming of current gene therapy strategies, including both 
ex vivo and in vivo gene therapy methods, is the inability of previously described vector 
and delivery system combinations to deliver nucleic acids efficiently into the interior of 
cells of a targeted population. In December, 1995, the U.S. National Institutes of 
Health issued a "Report and Recommendations of the Panel to Assess the NIH 
Investment in Research on Gene Therapy" (Orkin et al., 1995, National Institutes of 
Health, Bethesda, MD). In this Report, it was recognized that the development of gene 
therapy approaches to disease treatment was being inhibited, in part, by a dearth of 
effective gene transfer vectors. The Report recognized a need for further research 
applied to improving vectors for gene delivery. 

Numerous compositions and methods are known for delivering a nucleic 
acid to an animal tissue. Such compositions include "naked" (i.e. non-complexed) 



nucleic acids, nucleic acids complexed with cationic molecules such as polylysine and 
liposome-forming lipids, and virus vectors. 

Naked nucleic acids can be taken up by various animal cells, but are - 
subject to nucleolysis, both inside and outside of cells that take them up. For example, 
it is known that cells in wounded tissue (e.g. cells lining an incision made in a tissue) 
are particularly amenable to taking up naked nucleic acids. Examples of such cells 
include, but are not limited to, fibroblasts, capillary endothelial cells, capillary 
pericytes, mononuclear inflammatory cells, segmented inflammatory cells, and 
granulation tissue cells. 

The use of nucleic acid analogs which are relatively resistant to . 
nucleolysis is known. Such analogs include, for example, phosphorothioate nucleic 
acid analogs. However, in some situations, particularly where incorporation of the 
nucleic acid into the genome of the target cell is desired, the use of nucleic acid analogs 
can be undesirable. Targeting of naked nucleic acid vectors to particular animal tissues 
can be difficult, particularly in situations in which the tissue is normally bathed by a * 
liquid in which the vector may be carried away from the tissue site. 

Compositions for sustained release of naked nucleic acids are known, 
but such compositions have many of the same drawbacks of other naked nucleic acid 
vectors, namely, that the nucleic acids released from the compositions may not be 
efficiently taken up by cells of the desired tissue and that the nucleic acids released 
from the compositions are susceptible to nucleolysis. Examples of such compositions 
include compositions comprising naked nucleic acids in a biodegradable polymer 
matrix. Another shortcoming of such compositions is that it is difficult to target them 
to specific tissues in order to achieve localized delivery of the nucleic acid. Such 
compositions generally occur in liquid form, which must be injected at the desired site, 
but is capable of flowing from the site of administration to other sites. 

Numerous vectors comprising a nucleic acid complexed with a 
compound to improve stability or uptake of the nucleic acid by a target cell have been 
described. Such compounds include, by way of example, calcium phosphate, 
polycations such as diethylammoethyl-dextran, polylysine, or polybrene, and liposome- 



forming lipids such as didocylmethylammonium bromide and Lipofectamine®. Many 
of these compounds are toxic or produce undesired reactions when administered to 
patients. Thus, while nucleic acid vectors comprising a nucleic acid complexed with 
one of these compounds may be useful for transfection of cultured cells, these vectors 
are not useful for delivering nucleic acids to cells in an animal tissue. 

Virus vectors are generally regarded as the most efficient nucleic acid 
vectors. Recombinant replication-defective virus vectors have been used to transduce 
(i.e., infect) animal cells both in vitro and in vivo. Such vectors have included 
retrovirus, adenovirus, adeno-associated virus vectors, and herpesvirus vectors. While 
highly efficient for gene transfer, a major disadvantage associated with the use of virus 
vectors is the inability of many virus vectors to infect non-dividing cells. Another 
£! serious problem associated with the use of virus gene vectors is the potential for such 
0 vectors to induce an immune response in a patient to whom they are administered. 
^ Such an immune response limits the effectiveness of the virus vector, since the patient's 
li immune system rapidly clears the vector upon repeated or sustained administration of 
4 the vector. Furthermore, insertion of a gene into the genome of a cell by a virus vector 

may induce undesirable mutations in the cell. Other problems associated with virus 
j^J gene vectors include the inability to appropriately regulate gene expression over time in 
jl transfected cells, the potential production and transmission to other humans of harmful 
virus particles, local and general toxicity, undesirable immunogenicity, and unintended 
disruption of target or other cell metabolism. 

Despite the development of the techniques discussed above, there 
remains a need in the art for methods and compositions which can be used to enhance 
the delivery of a nucleic acid to a desired cell which is to be transfected with the 
nucleic acid. The present invention meets this need. 

BRIEF SUMMARY OF THE INVENTION 
The invention includes a method of enhancing the efficiency of delivery 
of a nucleic acid to a cell. The method comprises a) providing to the cell an agent 
capable of enhancing the cytoskeletal permissiveness of the cell for transfection in an 



amount effective to enhance the cytoskeletal permissiveness; and b) providing to the 
cell a nucleic acid delivery system for the transfection of the cell, whereby the 
efficiency of delivery of a nucleic acid to the cell is enhanced. 

In one aspect, the agent is an isolated nucleic acid encoding a protein or 
a polypeptide, wherein the protein or the polypeptide when expressed in the cell is 
capable of enhancing the cytoskeletal permissiveness of the cell for transfection. 

In another aspect, the nucleic acid delivery system is provided to the cell 
simultaneously with providing the agent. 

In one embodiment, the nucleic acid delivery system is provided to the 
cell prior to providing the agent. 

In another embodiment, the nucleic acid delivery system is provided to 
the cell after providing the agent. , * 

In yet another embodiment, the agent is denatured collagen or a peptide 

thereof. 

In a further embodiment, the agent is Thymosin beta-4 (TB4) or a 
peptide thereof. 

In one aspect, the agent is Tenascin C or a peptide thereof. 

In another aspect, the agent comprises Tenascin C and TB4. 

In one embodiment, the protein is one or more of Tenascin C 5 TB4 and 
peptides thereof. 

In another embodiment, the isolated nucleic acid is provided to the cell 
using a vector selected from the group consisting of a plasmid vector, a viral vector, 
and a linearized nucleic acid. 

In a further embodiment, the nucleic acid delivery system comprises a 
vector selected from the group consisting of a plasmid vector, a viral vector, and a 
linearized nucleic acid. 

In one aspect of the method of the invention, enhancing the cytoskeletal 
permissiveness for transfection comprises inhibiting DNAase I activity in the milieu 
surrounding or the cytoplasm of the cell. 



In another aspect, enhancing the cytoskeletal permissiveness for 
transfection comprises reducing the overall electronegative charge of the milieu 
surrounding or the cytoplasm of the cell to be transfected. 

In one aspect, enhancing the cytoskeletal permissiveness comprises 
5 enhancing the level of G-Actin in the cell. 

In another aspect, enhancing the level of G- Actin comprises 
depolymerizing F- Actin to G- Actin. 

In one embodiment, the agent is a compound capable of modulating an 
ion channel in the cell 
10 In another embodiment, the agent is an actin binding protein. 

In a further embodiment, the agent is a compound capable of rendering 
>jz G-Actin less susceptible to proteolysis upon binding with G- Actin. 
l ;% In one aspect, the compound is selected from the group consisting of 

!"-"' beryllium fluoride and a cadmium salt. 
1 5 f y In one embodiment, the level of G-Actin is enhanced by directly or 

" indirectly upregulating TB4. 

G In one aspect, the TB4 is indirectly upregulated by growing the cell on a 

1:5 Tenascin C inducing substrate. 

^ In one embodiment, the Tenascin C inducing substrate is denatured 

20i"* collagen or a peptide thereof. 

In a further embodiment, the agent is a modulator of an intermediate in 
the Tenascin C and TB4 receptor-signaling pathway. 

In a still further embodiment, the agent is a cytochalasin; 
In yet another embodiment, the agent is selected from the group 
25 consisting of a TB4 promoter, a molecule which participates in cell-cell interactions, a 
molecule which participates in cell-cell adhesion, and a synthetic extracellular matrix 
molecule having design features effective to enhance the cytoskeletal permissiveness of 
a cell for transfection. 

The invention also includes a composition for enhancing the efficiency 
30 of delivery of a nucleic acid to a cell. The composition comprises a) an agent capable 
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of enhancing the cytoskeletal permissiveness of the cell for transfection in an amount 
effective to enhance the permissiveness; and b) a nucleic acid delivery system for the 
transfection of the cell. 

In one embodiment, the nucleic acid delivery system is selected from 
5 the group consisting of a plasmid vector, a viral vector, and a linearized nucleic acid. 

In one aspect, the agent is an isolated nucleic acid encoding a protein or 
a polypeptide, wherein the protein or the polypeptide when expressed in the cell is 
capable of enhancing the cytoskeletal permissiveness of the cell for transfection. 

In another aspect, the isolated nucleic acid is a component of a nucleic 
1 0 acid delivery system. 

In one embodiment, the polypeptide is selected from the group 
, p, consisting of TB4, Tenascin C and peptides thereof 

In another embodiment, the agent is selected from the group consisting 
of TB4 or a peptide thereof, Tenascin C or a peptide thereof an actin depolymerization 
1 5m agent, a cytochalasin, a modulator of TB4, a modulator of an intermediate in the 

Tenascin C and TB4 receptor-signaling pathway, a nuclease inhibitor and denatured 
O collagen or a peptide thereof 

The invention also includes a kit for enhancing the efficiency of 
^ delivery of a nucleic acid to a cell. The kit comprises a) an instructional material; 
2CM b) an agent capable of enhancing the cytoskeletal permissiveness of a cell for 
transfection in an amount effective to enhance the permissiveness; and 
c) a nucleic acid delivery system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing summary, as well as the following detailed description of 
25 the invention, will be better understood when read in conjunction with the appended 
drawings. 

Figure 1, comprising Figures 1A and IB, is a pair of images depicting 
A10 cells grown on native collagen and denatured collagen, respectively, forty-eight 
hours after transfection using plasmid nuclear targeted beta-galactosidase. 
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Figure 2, comprising Figures 2A and 2B, is a pair of images depicting 
the fluorescence of A10 cells grown on native collagen and denatured collagen, 
respectively, twenty-four hours after fransfection with p-EGFP-N3 (green fluorescent 
protein) plasmid DNA. 
5 Figure 3 is a graph depicting the results of quantitative beta- 

galactosidase enzymography of arterial smooth muscle cells grown on native collagen 
and denatured collagen after transfection following lipofection using beta-galactosidase 
plasmid DNA and Lipofectamine®. 

Figure 4, comprising Figures 4A 5 4B, 4C and 4D, is a series of images 
1 0 depicting the fluorescence of A10 cells grown on native type I collagen containing 0, 
15 and 50 micrograms per milliliter of Tenascin C (Figures 4A, 4B and 4C, 
^ respectively) twenty- four hours aftpr transfection with p-EGFP-N3 (green fluorescent 

protein) plasmid DNA, and an image of a bright field micrograph (Figure 4D) 
M, depicting A10 cells grown on native type I collagen containing 15 micrograms per 
15r: milliliter of Tenascin C. 

Figure 5 is a schematic illustrating various intermediates in the 
Q receptor-signaling pathway of Tenascin C (TN-C) and Thymosin beta-4. 
p. Figure 6, comprising Figures 6 A, 6B and 6C, is a series of images 

^ depicting the fluorescence of A10 cells grown on native type I collagen after 
2Cj^, transfection with p-EGFP-N3 (green fluorescent protein) plasmid DNA. Immediately 
after transfection, the cells were either not provided cytochalasin D (Figure 6A) , 
provided cytochalasin D for thirty minutes (Figure 6B), or incubated with cytochalasin 
D overnight (Figure 6C). 

Figure 7, comprising Figures 7 A, 7B and 7C, is a series of images 
25 depicting bright field micrographs of A10 cells grown on native type I collagen after 
transfection with p-EGFP-N3 (green fluorescent protein) plasmid DNA. Immediately 
after transfection, the cells were either not provided cytochalasin D (Figure 7 A) , 
provided cytochalasin D for thirty minutes (Figure 7B) or incubated with cytochalasin 
D overnight (Figure 7C). 
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DETAILED DESCRIPTION OF THE INVENTION 
The present invention relates to methods and compositions for 
enhancing the efficiency of delivery of a nucleic acid to a cell. The inventive methods 
comprise the use of an agent capable of enhancing the cytoskeletal permissiveness of 
5 the cell for transfection along with a nucleic acid delivery system to enhance the 

delivery of a nucleic acid to a cell to be transfected. The cytoskeletal permissiveness of 
the cell for transfection can be enhanced, by way of example and not by limitation, by 
reducing the overall electronegative charge of the milieu surrounding or the cytoplasm 
of a cell to be transfected, by inhibiting the activity of a nuclease in the milieu 
1 0 surrounding or the cytoplasm of a cell to be transfected, or by enhancing the level of G- 
Actin in the cell to be transfected. By providing a means of enhancing the efficiency 
'!% of delivery of a nucleic acid to a cell, the methods and compositions of the present 
j^; invention are of great value in overcoming barriers to successful therapeutic and 
M. prophylactic applications of gene therapy in mammals. 
1 5lf i The present invention is useful for enhancing the efficiency of delivery 

' I of a nucleic acid to virtually any type of cell which could be a therapeutic target in 
Ci gene therapy strategies or a desired target for transfection with a nucleic acid. The 
'i; inventive methods and compositions thus provide great advantages for virtually all 
gene therapy strategies. The inventive methods and compositions are particularly 
2(2 useful for enhancing the efficiency of delivery of plasmid DNA to mammalian cells or 
enhancing the efficiency of adeno-a&sociated virus and retrovirus vector delivery of a 
nucleic acid to mammalian cells, since these strategies presently result in poor levels of 
transgene expression. The invention is also useful for enhancing the efficiency of 
tissue-specific in situ delivery of a nucleic acid to specific cells to be transfected. As 
25 such, the therapeutic protein to be expressed after transfection can be disease or tissue- 
specific. 

Definitions 

As used herein, each of the following terms has the meaning associated 
with it in this section. 
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The articles "a" and "an" are used herein to refer to one or to more than 
one (i.e., to at least one) of the grammatical object of the article. By way of example, 
"an element" means one element or more than one element. 

As used herein, "enhancing the efficiency of delivery of a nucleic acid 
to a cell" means to increase the amount of or to sustain the presence of a nucleic acid in 
a cell into which the nucleic acid is transfected. This enhancement can be brought 
about by any one or more of several means, including, by way of example and not by 
limitation, initiating, maintaining and prolonging episomal or integrated nucleic acid 
expression, and by facilitating the proper trafficking of a nucleic acid vector to the 
nucleus of a cell in which it is expressed. 

As used herein, "enhancing the cytoskeletal permissiveness of a cell for 
transfection" means to reduce either directly or indirectly any one or more of the 
biochemical and physiological barriers presented by the cytoskeleton to the transfection 
of a cell with a nucleic acid. Such barriers include, by way of example and not by 
limitation, the overall electronegative charge of the milieu surrounding or the 
cytoplasm of the cell to be transfected and the activity of nucleases in the milieu 
surrounding or the cytoplasm of the cell to be transfected. 

As used herein, a "nucleic acid delivery system" means any composition 
or system, known or to be known in the art, which can be used to deliver a nucleic acid 
into a cell. Such systems include any composition for delivery of a nucleic acid into a 
cell which permits retention of the structure and function of the nucleic acid. By way of 
example, and not by limitation, such systems include the following: "naked" (i.e. non- 
complexed) nucleic acids; nucleic acids complexed with cationic molecules such as 
polylysine and liposome-forming lipids; vectors such as a plasmid vector, a viral 
vector, an antisense oligonucleotide, an adenovirus, an adeno-associated virus, a retro- 
virus, a lentivirus, a herpesvirus, and a bacteriophage; and a linearized nucleic acid. 

As used herein, the term "vector" means a composition of matter which 
comprises an isolated nucleic acid and which can be used to deliver the isolated nucleic 
acid to the interior of a cell. 
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As used herein, the term "expression vector" means a vector comprising 
a recombinant polynucleotide comprising expression control sequences operatively 
linked to a nucleotide sequence to be expressed. The vectors described herein 
specifically include expression vectors. An expression vector comprises sufficient cis- 
5 acting elements for expression; other elements for expression can be supplied by the 
host cell or in an in vitro expression system. Expression vectors include all those 
known in the art, such as cosmids, plasmids (e.g., naked or contained in liposomes) and 
viruses that incorporate the recombinant polynucleotide. 

As used herein, the term "nucleic acid" means any nucleic acid, whether 
10 composed of deoxyribonucleosides or ribonucleosides, and whether composed of 
phosphodiester linkages or modified linkages such as phosphotriester, 
J! phosphoramidate, siloxane, carbonate, carboxymethylester, acetamidate, carbamate, 

thioether, bridged phosphoramidate, bridged methylene phosphonate, bridged 
h phosphoramidate, bridged phosphoramidate, bridged methylene phosphonate, 
1 5| ; fj phosphorothioate, methylphosphonate, phosphorodithioate, bridged phosphorothioate 
" or sulfone linkages, and combinations of such linkages. The term nucleic acid also 
G specifically includes nucleic acids composed of bases other than the five biologically 
f > occurring bases (adenine, guanine, thymine, cytosine and uracil). 
^ As used herein, the term "isolated nucleic acid" refers to a nucleic acid 

segment or fragment which has been separated from sequences which flank it in a 
naturally occurring state, e.g., a DNA fragment which has been removed from the 
sequences which are normally adjacent to the fragment, e.g., the sequences adjacent to 
the fragment in a genome in which it naturally occurs. The term also applies to nucleic 
acids which have been substantially purified from other components which naturally 
25 accompany the nucleic acid, e.g., RNA or DNA or proteins, which naturally 

accompany it in the cell The term therefore includes, for example, a recombinant 
DNA which is incorporated into a vector, into an autonomously replicating plasmid or 
virus, or into the genomic DNA of a prokaryote or eukaryote, or which exists as a 
separate molecule (e.g, as a cDNA or a genomic or cDNA fragment produced by PCR 
30 or restriction enzyme digestion) independent of other sequences. It also includes a 
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recombinant DNA which is part of a hybrid gene encoding additional polypeptide 
sequence. 

As, used herein, by describing two polynucleotides as "operably linked" 
is meant that a single-stranded or double-stranded nucleic acid moiety comprises the 
two polynucleotides arranged within the nucleic acid moiety in such a manner that at 
least one of the two polynucleotides is able to exert a physiological effect by which it is 
characterized upon the other. By way of example, a promoter operably linked to the 
coding region of a gene is able to promote transcription of the coding region. 

As used herein, the term "promoter" means a nucleic acid sequence 
which is required for expression of a gene product operably linked to the promoter. In 
some instances, this sequence may be the core promoter sequence and in other 
instances, this sequence may also include an enhancer sequence and other regulatory 
elements which are required for expression of the gene product. The promoter may, for 
example, be a constitutive or an inducible promoter. 

A "constitutive" promoter is a nucleotide sequence which, when 
operably linked with a polynucleotide which encodes or specifies a gene product, 
causes the gene product to be produced in a living human cell without requiring an 
inducer. 

An "inducible" promoter is a nucleotide sequence which, when operably 
linked with a polynucleotide which encodes or specifies a gene product, causes the 
gene product to be produced in a living human cell substantially only when an inducer 
which corresponds to the promoter is present in the cell. 

As used herein, the term "phannaceutically-acceptable carrier" means a 
chemical composition with which at least one of an agent, a nucleic acid delivery 
system and any component thereof may be combined, and which, following the 
combination, can be used to administer the appropriate agent, nucleic acid delivery 
system or component thereof to a mammal. 

Description 

The present invention includes a method of enhancing the efficiency of 
delivery of a nucleic acid to a cell to be transfected with the nucleic acid. The 
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inventive method comprises providing to a cell an agent capable of enhancing the 
cytoskeletal permissiveness of the cell for transfection in an amount effective to 
enhance the cytoskeletal permissiveness. The method also includes providing to the 
cell a nucleic acid delivery system for the transfection of the cell with a desired nucleic 
acid. The inventive method provides an enhancement in the efficiency of delivery of a 
nucleic acid to the cell being transfected. 

The cell is preferably within a tissue in a mammal, and while it can be 
any type of cell, it is therefore preferably a mammalian cell and more preferably a 
human cell. The human cell is preferably a cell which is bound to an extracellular 
matrix (i.e. not a circulating cell), although a progenitor of a circulating cell is also 
preferred. Examples of such preferred cells include diseased or normal cells of a 
diseased tissue or organ, all types of tumor cells, all types of progenitor cells including 
all types of stem cells, cells to be transfected for vaccination purposes (i.e. using a 
DNA vaccine) and cell lines grown in culture. 

The nucleic acid to be delivered can be any type of nucleic acid, either 
naturally occurring or synthetic. It is not intended that the present invention be limited 
by the nature of the nucleic acid employed. The nucleic acid may be from a viral, 
bacterial, animal or plant source. The nucleic acid may be DNA or RNA and may exist 
in a double-stranded, single-stranded or partially double-stranded form. Furthermore, 
the nucleic acid may be found as part of a virus or other macromolecule (See, e.g., 
Fasbender et al, 1996, J. Biol. Chem. 272:6479-89 describing polylysine condensation 
of DNA in the form of adenovirus). 

Nucleic acids useful in the present invention include, by way of 
example and not limitation, oligonucleotides and polynucleotides such as antisense 
DNAs and/or RNAs; ribozymes; DNA for gene therapy; viral fragments including viral 
DNA and/or RNA; DNA and/or RNA chimeras; mRNA; plasmids; cosmids; genomic 
DNA; cDNA; gene fragments; various structural forms of DNA including single- 
stranded DNA, double stranded DNA, supercoiled DNA and/or triple-helical DNA; Z- 
DNA; and the like, The nucleic acids may be prepared by any conventional means 
typically used to prepare nucleic acids in large quantity. For example, DNAs and 
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RNAs may be chemically synthesized using commercially available reagents and 
synthesizers by methods that are well-known in the art (see, e.g., Gait, 1985, 
Oligonucleotide Synthesis: A Practical Approach (IRL Press, Oxford, England)). 
RNAs may be produce in high yield via in vitro transcription using plasmids such as 
SP65 (Promega Corporation, Madison, WI). 

In some circumstances, for example, where increased nuclease stability 
is desired, nucleic acids having modified internucleoside linkages may be preferred. 
Nucleic acids containing modified internucleoside linkages may also be synthesized 
using reagents and methods that are well known in the art. For example, methods of 
synthesizing nucleic acids containing phosphonate phosphorothioate, 
phosphorodithioate, phosphoramidate methoxyethyl phosphoramidate, formacetal, 
thioformacetal, diisopropylsilyl, acetamidate, carbamate, dimethylene-sulfide (-CH 2 -S- 
CH 2 ), diinethylene-sulfoxide (-CH 2 -SO-CH 2 ), dimethylene-sulfone (-CH 2 -S0 2 -CH 2 ), 
2 f -0-alkyl, and 2 , -deoxy-2 t -£Luoro phosphorothioate internucleoside linkages are well 
known in the art (see Uhlmann et al, 1990, Chem. Rev. 90:543-584; Schneider et al, 
1990, Tetrahedron Lett 31:335 and references cited therein). 

The nucleic acids may be purified by any suitable means well known in 
the art. For example, the nucleic acids can be purified by reverse phase or ion 
exchange HPLC, size exclusion chromatography or gel electrophoresis. Of course, the 
skilled artisan will recognize that the method of purification will depend in part on the 
size of the DNA to be purified. 

Nucleic acids comprising either a natoally-occurring or a modified 
gene sequence (i.e. genes having sequences that differ from the gene sequences 
encoding the naturally-occurring proteins) are encompassed by the invention. These 
modified gene sequences include modifications caused by point mutations, 
modifications due to the degeneracy of the genetic code or naturally occurring allelic 
variants, and further modifications that have been introduced by genetic engineering, 
i.e., by the hand of man. 

Techniques for introducing changes in nucleotide sequences that are 
designed to alter the functional properties of the encoded proteins or polypeptides are 
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well known in the art. Such modifications include the deletion, insertion, or 
substitution of bases, and thus, changes in the amino acid sequence. Changes may be 
made to increase the activity of a protein, to increase its biological stability or half-life, 
to change its glycosylation pattern, and the like. All such modifications to the 
nucleotide sequences encoding such proteins are encompassed by this invention. 

In the inventive method, the agent capable of enhancing the cytoskeletal 
permissiveness of the cell for transfection can be any compound, including by way of 
example and not by limitation, a drug, a pharmaceutical composition, a nucleic acid, an 
oligonucleotide, a gene, a protein, a polypeptide and a peptide, among others. 

The agent can be obtained from any natural or synthetic source. For 
example, where the agent is a naturally occurring protein or nucleic acid, the agent can 
be prepared by any one or more of the following methods. The agent can be isolated 
from a biological material (e.g., a biological fluid or tissue sample) using any method 
of isolating or purifying a protein or nucleic acid from a biological material known to 
the skilled artisan. Such methods are described, for example, in Deutscher et al. (ed., 
1990, Guide to Protein Purification, Harcourt Brace Jovanovich, San Diego). 

Alternatively, the agent can be obtained by preparing a recombinant 
version thereof (i.e., by using the techniques of genetic engineering to produce a 
recombinant protein or a recombinant nucleic acid which can then be isolated or 
purified as described above). Furthermore, such an agent can be obtained 
synthetically, for example, by chemically synthesizing a protein or a nucleic acid by 
any method of synthesis known to the skilled artisan. The synthesized agent can then 
be purified by any method known in the art. 

In one preferred embodiment of the inventive method, the agent is 
denatured collagen or a peptide thereof The collagen may be any type of collagen. 
Preferably, the collagen is a type which can be a substrate for a matrix 
metalloproteinase (MMP), and more preferably, a substrate for MMP-2. An example 
of a preferred collagen is type I collagen. The peptide thereof can be any peptide of 
sufficient size to be acted upon by a MMP hydrolytic binding site. 
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In another preferred embodiment, the agent is an actin binding protein 
or a peptide thereof. The Thymosins are a family of actin binding proteins which have 
previously been described (See, for example, Low et al, 1981, Proc. Nat Acad. Sci., 
USA, 78(2): 11 62-1 166; Safer et al, 1990, Proc. Nat. Acad. Sci., USA 78:2536-2540; 
5 Low et al, 1985, Methods Enzymol. 116:248-255; andNachmias, 1993, Curr. Opin. 
Cell Biol. 5:56-62). A preferred actin binding protein is Thymosin beta-4 (TB4) or a 
peptide thereof. TB4 is the most abundant intracellular actin binding protein of 
mammals. TB4 is an actin binding protein which was has been implicated in cellular 
functions such as maintaining a pool of G- Actin, wound healing, migration and 
10 angiogenesis. The structure and cellular function of TB4 has been reviewed, for 

example, in Low et al, 1985, Methods in Enzymol. 1 16:248-255 and Nachmias, 1993, 
;;5 Curr. Opin. Cell Biol. 5:56-62. ^ 

If! In another preferred embodiment, the agent is Tenascin C or a peptide 

thereof. Tenascin C is a protein which is described herein in the inventive 
15^ compositions. In one aspect, the agent comprises both Tenascin C and TB4. 

" In one preferred aspect, the agent in the inventive methods is an agent 

D: selected from the group consisting of Tenascin C or a peptide thereof an actin-binding 

J protein such as TB4 or a peptide thereof, an actin depolymerization agent, a 
£ cytochalasin, a modulator of TB4, a modulator of an intermediate in the Tenascin C 
20Li. and TB4 receptor-signaling pathway, a nuclease inhibitor, and denatured collagen or a 
peptide thereof. The cytochalasins are a series of mold metabolites known to affect 
actin polymerization and microtubule assembly in eukaryotic cells. They are hetero- 
functional bio-organic compounds having molecular weights in the 500 dalton range, 
and are generally soluble in dimethylsulfoxide and related solvents. The use of 
25 cytochalasins has been described, for example in Bradke et al, 1999, Science 
283:1931-1934 and Cooper, 1987, J. Cell Biol 105:1473-1478. 

In one embodiment, the agent is an isolated nucleic acid encoding a 
protein or a polypeptide which, when expressed in a cell to be transfected, is capable of 
enhancing the cytoskeletal permissiveness of the cell for transfection. Preferably, the 
30 isolated nucleic acid encodes one or more of Tenascin C, TB4 and peptides thereof. 
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The agent can be provided to the cell either alone in "naked" form, for 
example, as a "naked" nucleic acid or a purified protein, or formulated in a vehicle 
suitable for delivery, such as, by way of example and not limitation, in a complex with 
a cationic molecule or a liposome forming lipid, or as a component of a vector, or a 
component of a pharmaceutical composition. Such vehicles are known in the art and 
are discussed herein. 

The agent can be provided to the cell either directly, such as by 
contacting the agent with the cell, or indirectly, such as through the action of any 
biological process. Virtually any method of attaining entry of the agent into the cell 
can be used, including, by way of example and not by limitation, endocytosis, receptor 
targeting, coupling with native or synthetic cell membrane fragments, physical means 
such as electroporation, combining the agent with a polymeric carrier such as a 
controlled release film or nanoparticle or microparticle, using a vector, injecting the 
agent into a tissue or fluid surrounding the cell, simple diffusion of the agent across the 
cell membrane, or by any active or passive transport mechanism across the cell 
membrane. 

The agent is provided to the cell in an amount effective to enhance the 
cytoskeletal permissiveness of the cell for transfection. The effective amount is an 
amount of the agent which, when provided to a cell, results in increased cytoskeletal 
permissiveness of the cell for transfection, relative to an otherwise identical cell which 
is not provided the effective amount of the agent. For example, the effective amount 
can range from about 1 picogram to about 100 milligrams of the agent. 

The nucleic acid delivery system comprising the desired nucleic acid 
can be provided to the cell simultaneously with providing the agent for enhancing 
cytoskeletal permissiveness, or it may be provided prior to or after providing the agent. 

The nucleic acid delivery system can be any of the nucleic acid delivery 
systems described herein, or others known or to be known in the art. Various nucleic 
acid delivery systems are described, for example in Sambrook et al, 1989, Molecular 
Cloning: A Laboratory Manual Cold Spring Harbor Laboratory, New York; and 
Ausubel et al, 1994, Current Protocols in Molecular Biology , John Wiley & Sons, 
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New York. Such nucleic acid delivery systems comprise the desired nucleic acid, by 
way of example and not by limitation, in either "naked" form as a "naked" nucleic 
acid, or formulated in a vehicle suitable for delivery, such as in a complex with a 
cationic molecule or a liposome forming lipid, or as a component of a vector, or a 
5 component of a pharmaceutical composition. 

The nucleic acid delivery system can be provided to the cell either 
directly, such as by contacting it with the cell, or indirectly, such as through the action 
of any biological process. By way of example, and not by limitation, the nucleic acid 
delivery system can be provided to the cell by endocytosis, receptor targeting, coupling 
10 with native or synthetic cell membrane fragments, physical means such as 

electroporation, combining the nucleic acid delivery system with a polymeric carrier 
such as a controlled release film or„nanoparticle or microparticle, using a vector, 
injecting the nucleic acid delivery system into a tissue or fluid surrounding the cell, 
H< simple diffusion of the nucleic acid delivery- system across the cell membrane, or by 
15 jijj any active or passive transport mechanism across the cell membrane. Additionally, the 
nucleic acid delivery system can be provided to the cell using techniques such as 
□ antibody-related targeting and antibody-mediated immobilization of a viral vector. 
q Where a vector is used as the vehicle for providing one or more of the 

;^ nucleic acid delivery system or the agent, the vector can be any type of vector known 
20 u to the skilled artisan. Preferably, the vector is either a plasmid vector, a viral vector or 
a linearized nucleic acid. Numerous vectors are known in the art including, but not 
limited to, linear polynucleotides, polynucleotides associated with ionic or amphiphilic 
compounds, plasmids, and viruses. Thus, the term "vector" includes an autonomously 
replicating plasmid or a virus. The term should also be construed to include non- 
25 plasmid and non-viral compounds which facilitate transfer of nucleic acid into cells, 
such as, for example, polylysine compounds, liposomes, and the like. Examples of 
viral vectors include, but are not limited to, adenoviral vectors, adeno-associated virus 
vectors, retroviral vectors, and the like. 

In one embodiment of the inventive method, the nucleic acid delivery 
30 system is provided to the cell simultaneously with providing the agent. In this 
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embodiment, the agent can be either coincorporated with the nucleic acid delivery • 
system, or it can be provided simultaneously in a different vehicle. Suitable vehicles 
for providing the agent are discussed above. Alternatively, the agent can be provided 
to the cell without using a vehicle simultaneously with providing the nucleic acid 
5 delivery system. Suitable methods for providing the agent without using a vehicle are 
discussed herein. 

In another embodiment, the nucleic acid delivery system is provided to 
the cell prior to providing the cell with the agent. 

In a further embodiment, the nucleic acid delivery system is provided to 
10 the cell after providing the cell with the agent. 

Preferably, the agent and/or nucleic acid delivery system are provided 
^ (e.g. administered) in a manner which enables tissue-specific uptake of the agent and/or 
hQ nucleic acid delivery system. Preferred techniques include using tissue or organ 
localizing devices, such as wound dressings or transdermal delivery systems, using 
15:;^ invasive devices such as vascular or urinary catheters, and using interventional devices 
SI such as stents having drug delivery capability and configured as expansive devices or 
}■■■ stent grafts. 

In one aspect of the invention, at least one of the agent and the nucleic 
\£l acid delivery system is provided to the cell formulated as a pharmaceutical 

20'{™ composition. The agent and the nucleic acid delivery system can either be formulated 
together in the same pharmaceutical composition or separately in different 
pharmaceutical compositions. Also, the components of the agent can either be 
formulated together in the same pharmaceutical composition or separately in different 
pharmaceutical compositions. Similarly, the components of the nucleic acid delivery 

25 system can either be formulated together in the same pharmaceutical composition or 
separately in different pharmaceutical compositions. The pharmaceutical composition 
comprises a pharmaceutically-acceptable carrier and at least one of an agent capable of 
enhancing the cytoskeletal permissiveness of the cell for transfection in an amount 
effective to enhance the cytoskeletal permissiveness, a nucleic acid delivery system, 

30 and any component thereof 
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The pharmaceutical compositions useful for practicing the invention 
may be administered to deliver to a desired cell a dose of between 0.1 nanograms per 
kilogram per day and 100 milligrams per kilogram per day of the agent and/or the 
nucleic acid delivery system. In one embodiment, the invention envisions 
administration to a mammal of a dose which results in a concentration of the 
appropriate agent and/or nucleic acid delivery system between 0.1 micromolar and 100 
micromolar in a tissue of a mammal containing a cell sought to be transfected. 

Pharmaceutical compositions that are useful in the methods of the 
invention may be administered by any route of administration to a mammal for a 
pharmaceutical composition known to the skilled artisan. By way of example and not 
by limitation, the pharmaceutical composition can be administered to a mammal 
systemically in an oral formulation, parenterally by injection, topically by 
administration directly to a specific tissue containing a cell to be transfected, or by 
using a technique for in situ delivery to a specific target tissue, such as by using 
iontophoresis and activation through an external energy source such as a magnetic 
field, ultrasound energy or nuclear energy. 

In addition to the pharmaceutically-acceptable carrier and the agent 
and/or the nucleic acid delivery system or component thereof, such pharmaceutical 
compositions may contain other ingredients known to enhance and facilitate drug 
administration. Other possible formulations, such as nanoparticles, liposomes, resealed 
erythrocytes, and immunologically based systems may also be used to administer an 
appropriate agent and/or nucleic acid delivery system according to the methods of the 
invention. 

In one embodiment of the method of the invention, enhancing the 
cytoskeletal permissiveness of the cell for transfection comprises inhibiting DNAase I 
activity in the milieu surrounding or the cytoplasm of the cell to be transfected. 
DNAase I activity can be inhibited by any method known in the art for inhibiting the 
activity of a nuclease. 

Preferably, DNAase I activity is inhibited by enhancing the level of G- 
Actin in the cell. 
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In another aspect, the DNAase I activity is inhibited by transfecting the 
cell to result in the overexpression of the DNAase I binding region of G-Actin. In this 
embodiment, the agent capable of enhancing the cytoskeletal permissiveness of the cell 
for transfection is an isolated nucleic acid comprising the gene encoding the DNAase I 
5 binding region of G- Actin, and is provided to the cell as a component of a vector such 
as an adenovirus vector or a plasmid vector. The gene encoding the DNAase I binding 
region of the actin gene can readily be identified and cloned using standard techniques 
known in the art. For example, the DNAase I binding region can be isolated using 
synthetic peptide mapping or deletion mapping of the G- Actin protein. In peptide 
10 mapping, a series of synthetic peptides are prepared and tested in vitro for binding with 
DNAase I in competition with G- Actin. Specific peptides which compete with G- 
^ Actin for binding are identified and, tested for inhibition of DNAase I activity in a cell. 
K; The DNA fragment encoding the identified peptide is then cloned into an expression 
t vector for the transfection and overexpression of the peptide in a targeted cell. 
1 5 The overexpression of the DNAase I binding region of G- Actin inhibits 

% J the DNAase I activity by competitive inhibition. The overexpressed DNAase I binding 
r- ; region of G- Actin binds with DNAase I present in the cell, thus inhibiting degradation 

by DNAase I of the nucleic acid sought to be transfected into the cell. This 
;|j competitive inhibition inhibits DNAase I activity and thus the degradation of the 
20 nucleic acid sought to be transfected in the cell. 

In addition to the methods described above, the DNAase I binding 
region of G-actin can be obtained by any of the methods discussed herein for obtaining 
an agent capable of enhancing the cytoskeletal permissiveness of the cell for 
transfection. In one aspect, the DNAase I binding region of G-actin is administered to 
25 a cell as an agent in the form of a purified or recombinant polypeptide. 

In another embodiment of the inventive method, enhancing the 
cytoskeletal permissiveness of the cell for transfection comprises reducing the overall 
electronegative charge of the milieu surrounding or the cytoplasm of the cell to be 
transfected. 
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. Preferably, reducing the overall electronegative charge of the milieu 
surrounding or the cytoplasm of the cell to be transfected comprises enhancing the 
level of G-Actin in the cell The level of G-Actin in the cell can be enhanced by any 
method known to the skilled artisan. An enhancement in the level of G-Actin in a cell 
5 can be assessed by any method known in the art for assessing relative levels of a 

protein in a cell. Such methods include, for example, the use of gel electrophoresis, 
HPLC methods, and specific binding assays. For example, an assay is commercially 
available (Cytoskeleton Inc., Denver, CO) which detects the amount of binding of G- 
Actin to DNAase I (See, Blikstad et al., 1978, Cell 15:932-943). 
1 0 In one aspect, the level of G-Actin in the cell is enhanced by enhancing 

the transition from F-Actin to G-Actin. Any method known to the skilled artisan for 
enhancing this transition can be usqd. In one embodiment, enhancing the level of G- 
;S Actin in the cell comprises depolymerizing F-Actin to G-Actin. In one aspect, an actin 
j srai binding protein is used to depolymerize F-Actin to G-Actin. The use of actin binding 
15 proteins is known in the art to effect depolymerization of F-Actin to G-Actin. A 
: 4 preferred actin binding protein in this embodiment is TB4. Actin binding proteins 
q (including TB4, profilin, gelsolin, vilin, actin depolymerizing factor {ADF} and 

cofilin) and their roles in the depolymerization of F-Actin to G-Actin have been well 
studied and are described, for example, in Sohn et al, 1994, BioEssays 16: 465-472; 
20 |;;r Safer et al, 1994, BioEssays 16: 473-479; Matsudaira et al, 1988, Cell 54: 139-140; 
and Hawkins et al., 1993, Biochemistry 32:9985-9993. 

In another aspect, the depolymerization of F-Actin to G-Actin is 
effected by manipulating the ion channel-based control of actin polymerization. For 
example, the agent capable of enhancing the cytoskeletal permissiveness of the cell can 
25 be a compound which is effective at modulating an ion channel in the cell. Contractile 
protein assembly is known in the art to be stimulated by electrical-mechanical events 
via action potentials within the cell. Thus, by way of example, ion channel blockade 
using a compound which is effective as an ion channel blocker can be used to interfere 
with actin polymerization, thereby enhancing the level of G-Actin in the cell. 
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In another embodiment, the inventive method comprises enhancing the 
level of G-Actin in the cell, wherein the agent is a compound capable of rendering G- 
Actin less susceptible to proteolysis upon binding with G-Actin. The compound can be 
any compound, such as a drug, a salt of a metal, a peptide or a protein, which, upon 
5 binding with G-Actin, renders G-Actin less susceptible to proteolytic degradation than 
an otherwise identical molecule of G-Actin which is not bound to the compound. 
Preferred compounds include beryllium fluoride (See, e.g. J. Biol. Chem., 269:1 1852- 
11858) and cadmium salts (See, e.g. 1996, Tox. Appl. Pharm. 139:115-121). 

In another embodiment of the inventive method, enhancing the level of 
10 G-Actin in the cell comprises upregulating the expression of TB4 either directly or 
indirectly. Directly upregulating the expression of TB4 means to enhance the 
expression of TB4 by acting directly upon the promoter which drives expression of a 
gene encoding TB4. For example, the expression of TB4 can be upregulated directly 
;7 by providing to the cell, as the agent capable of enhancing the cytoskeletal 
15|=y permissiveness of the cell for transfection, an isolated nucleic acid encoding TB4 as a 
Vj component of a vector for the over-expression of TB4 in the cell to be transfected. The 
;L„ vector can be any type of vector described herein or known to the skilled artisan. A 
j |H vector which is designed to enhance expression of TB4 comprises either an inducible 
i.rj promoter, or a constitutive promoter, wherein either promoter drives high level 
20j™ expression of the gene to which it is operably linked. A non-limiting example of a 

constitutive promoter which is useful in this context is the cytomegalovirus immediate 
early promoter. A non-limiting example of an inducible promoter is the tetracycline 
promoter, which upon addition of tetracycline to a cell containing this promoter, 
induces high levels of expression of the gene to which the promoter is operably linked. 
25 These and other promoters are well known in the art and are described, for example, in 
Sambrook et al., 1989, Molecular Cloning: A Laboratory Manual Cold Spring Harbor 
Laboratory, New York; Ausubel et al, 1994, Current Protocols in Molecular Biology. 
John Wiley & Sons, New York; and Gerhardt et al., eds., 1994, Methods for General 
and Molecular Bacteriology. American Society for Microbiology, Washington, DC. 
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Li one aspect, the agent is selected from the group consisting of a TB4 
promoter, a molecule which participates in cell-cell interactions, a molecule involved 
in cell-cell adhesion, and a synthetic extracellular matrix molecule construct having 
design features effective to enhance the cytoskeletal permissiveness of a cell for 
5 transfection. The agent can incorporate one or more design features for enhancing the 
efficiency of delivery of a nucleic acid to a cell by enhancing the cytoskeletal 
permissiveness of the cell for transfection. Such design features can involve, by way 
of example and not by limitation, the following: a) the control of actin status (i.e. 
controlling the state of actin polymerization to favor the depolymerized state, that is, 
1 0 G- Actin as the preferred state over F- Actin); b) the use of any of the actin binding 
proteins described herein, which facilitate the F-Actin to G- Actin transition; c) 

. 3 -".Sir 

*™ controlling the expression of one or more actin binding proteins; d) using one or more 
Ki exogenous recombinant actin binding proteins or peptides thereof; e) using one or more 

in 

jV exogenous actin manipulating agents which are capable of depolymerizing F-Actin to 

151;; :; G-Actin, such as cytochalasin D; and f) exerting extracellular matrix control by using 
one or more extracellular matrix proteins such as Tenascin C, which signals through 
RGD receptors to upregulate actin binding proteins such as TB4, 

The expression of TB4 can be upregulated indirectly by providing to the 
jj cell a Tenascin C inducing substrate as the agent capable of enhancing the cytoskeletal 

20:^ ! permissiveness of the cell for transfection. A Tenascin C inducing substrate is any 

substance which is capable of inducing the expression and extracellular deposition of 
Tenascin C. Indirectly upregulating TB4 means to increase the expression of TB4 
through an increase in the expression of an intermediate (i.e. Tenascin C) which in turn 
acts upon the promoter which drives expression of a gene encoding TB4. The 

25 upregulation of Tenascin C results in upregulation of the expression of TB4. While not 
wishing to be bound by any particular theory, it is suspected that Tenascin C 
upregulates TB4 through an interaction with an appropriate receptor (specific integrin), 
intracellular signaling involving specific protein kinase activity, activation of the TB4 
promoter through transcriptional factors, and post- translational assembly, Tenascin C 

30 is a protein which is abundantly expressed within remodeling tissues, including blood 
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vessels, wounds and tumors. Tenascin C regulates cellular migration and proliferation- 
associated events, alters vascular smooth muscle shape, and amplifies the proliferative 
response of vascular smooth muscle cells by promoting growth factor receptor 
clustering and phosphorylation. 

Preferably, the Tenascin C inducing substrate is denatured collagen, a 
peptide thereof or a Tenascin C receptor. Providing to the cell a Tenascin C inducing 
substrate results in the upregulation of Tenascin C through the action of the Tenascin C 
promoter. 

Preferably, the cell is provided a Tenascin C inducing substrate by 
growing the cell on a medium containing denatured collagen or a peptide thereof 

In another embodiment of the inventive method, enhancing the level of 
G-Actin in the cell comprises upregulating the expression of TB4 indirectly by 
providing to the cell, as the agent capable of enhancing the cytoskeletal permissiveness 
of the cell for transfection, a modulator of an intermediate in the Tenascin C and TB4 
receptor-signaling pathway. The modulator can be any compound, and can be, by way 
of example and not by limitation, a drug, a peptide or a protein. The intermediates in 
the Tenascin C and TB4 receptor-signaling pathway are depicted in Figure 5, and 
include cell membrane receptors (integrins), initial signaling elements (oncogene 
products, e.g. Src and Ras), GTPase activity for G-protein related signaling, mitogen 
associated kinase activation (MAPK pathway), transcriptional control (Erkl, etc.) and 
upregulation of the TB4 promoter. 

Preferably, the modulator is effective at enhancing signal-transduction 
within the cell for increasing TB4 expression. Examples of preferred modulators 
include factors which regulate MMPs, such as tyrosine phosphorylated proteins, egr-1 
and AP-1. 

The invention also includes a composition for enhancing the efficiency 
of delivery of a nucleic acid to a cell. The inventive composition is useful in the 
methods of the invention discussed above for enhancing the efficiency of delivery of a 
nucleic acid to a cell The inventive composition comprises an agent capable of 
enhancing the cytoskeletal permissiveness of a cell for transfection in an amount 
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effective to enhance the permissiveness of the cell for transfection. Additionally, the 
inventive composition comprises a nucleic acid delivery system for the transfection of 
the cell. The components of the composition of the invention are the same as those 
described above in the inventive methods. 
5 The nucleic acid can be any type of nucleic acid described herein. The 

cell can be any type of cell, and is preferably a mammalian cell, and more preferably a 
human cell of the types described herein in the inventive methods. The agent can be 
any of the agents for enhancing the cytoskeletal permissiveness of the cell for 
transfection described herein in the inventive methods. 
10 In one preferred aspect, the agent in the inventive compositions is an 

agent selected from the group consisting of Tenascin C or a peptide thereof, an actin- 
: n binding protein such as TB4 or a peptide thereof, an actin depolymerization agent, a 
cytochalasin, a modulator of TB4, a modulator of an intermediate in the Tenascin C 
h ■ and TB4 receptor-signaling pathway, a nuclease inhibitor, and denatured collagen or a 
15;V=i peptide thereof. The cytochalasins are a series of mold metabolites known to affect 
actin polymerization and microtubule assembly in eukaryotic cells. They are hetero- 
O functional bio-organic compounds having molecular weights in the 500 Dalton range, 
7*. and are generally soluble in dimethylsulfoxide and related solvents. The use of 
l § cytochalasins has been described, for example in Bradke et al, 1999, Science 283:193 1- 
2(C 1934 and Cooper, 1987, J. Cell Biol. 105:1473-1478. 

In another preferred embodiment, the agent is an isolated nucleic acid 
encoding a protein or polypeptide which, when expressed in a cell, is capable of 
enhancing the cytoskeletal permissiveness of the cell for transfection. Preferably, the 
protein or polypeptide encoded by the isolated nucleic acid is one or more of TB4, 
25 Tenascin C and peptides thereof. 

In one aspect, the amount of the agent in the inventive composition 
ranges from about 1 picogram to about 100 milligrams. For example, when the agent 
is recombinant Tenascin C, the Tenascin C is present in the composition in an amount 
which results in a local concentration in a targeted cell from about 1 to about 50 
30 micrograms per milliliter. Also by way of example, where the agent is recombinant 
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TB4, the TB4 is present in the composition in an amount which results in a local 
concentration in a targeted cell from about 0.1 to ahout 100 micrograms per milliliter. 

The nucleic acid delivery system can be any of the nucleic acid delivery 
systems described herein in the inventive methods. Preferably, the nucleic acid 
5 delivery system is a plasmid vector, a viral vector or a linearized nucleic acid. 

Where the composition of the invention comprises as the agent an 
isolated nucleic acid encoding a protein or polypeptide capable of enhancing the 
cytoskeletal permissiveness of the cell for transfection, the isolated nucleic acid can be 
either a component of the same nucleic acid delivery system used to transfect the cell, 
10 - or a component of a separate nucleic acid delivery system. For example, the isolated 
nucleic acid can be a gene or a portion of a gene which is incorporated into a plasmid 
■ n vector which is used as the same nucleic acid delivery system to deliver the nucleic 
j 8 ^ acid with which the cell is to be transfected. In this embodiment, the plasmid vector 
j has multiple expression regions with separate regulatable promoters (for example, a 
15 m region encoding Tenascin C or TB4 {i.e. the isolated nucleic acid} or a peptide thereof, 
plus a region encoding a flmctional protein of interest). Thus, the construct comprises 
□ a "functional" region comprising the functional gene of interest, and an "enhancing" 
q region, comprising an isolated nucleic acid encoding the protein or polypeptide which, 
^ when expressed in the cell to be transfected, is capable of enhancing the cytoskeletal 
20 H permissiveness of the cell for transfection. Similar constructs can be designed using 
the viral vectors and any of the other nucleic acid delivery systems described herein. 

The invention also includes a kit for enhancing the efficiency of 
delivery of a nucleic acid to a cell. The kit comprises an instructional material 
describing the use of the kit in an inventive method of enhancing the efficiency of 
25 delivery of a nucleic acid to a cell. As used herein, an "instructional material" includes 
a publication, a recording, a diagram, or any other medium of expression which can be 
used to communicate the usefulness of the inventive method or composition for its 
designated use. The instructional material of the kit of the invention may, for example, 
be affixed to a container which contains the composition or be shipped together with a 
30 container which contains the composition. Alternatively, the instructional material 
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may be shipped separately from the container with the intention that the instructional 
material and the composition be used cooperatively by the recipient. 

The kit also comprises an agent capable of enhancing the cytoskeletal 
permissiveness of a cell for transfection. The agent can be any of the agents described 
herein, and is present in an amount effective to enhance the cytoskeletal permissiveness 
of the cell for transfection. Preferably, the agent is selected from the group consisting 
of denatured collagen or a peptide thereof, Tenascin C or a peptide thereof and an 
isolated nucleic acid encoding therefor, and TB4 or a peptide thereof and an isolated 
nucleic acid encoding therefor. 

The kit also comprises a nucleic acid delivery system. The nucleic acid 
delivery system can be any of the nucleic acid delivery systems described herein. 

The invention is now described with reference to the following 
Examples. These Examples are provided for the purpose of illustration only and the 
invention should in no way be construed as being limited to these Examples, but rather 
should be construed to encompass any and all variations which become evident as a 
result of the teaching provided herein. 

Example 1 

The objective of the experiments described in this example was to 
ascertain whether denatured collagen, which is able to provoke a marked change in cell 
shape to a shape hypothesized to enhance the cytoskeletal permissiveness of a cell for 
transfection with a nucleic acid, would be effective at enhancing the extent of 
transfection of cells. The results of these experiments indicated that denatured collagen 
was effective at enhancing the efficiency of delivery of a nucleic acid to a cell, thus 
increasing the extent of transfection observed in the cells. 

Rat arterial smooth muscle cells (A10 cells) grown on denatured 
collagen and native fibrillar type I collagen were studied. A change in cell shape from 
stellate to elongated with reorientation of the actin-stress fibers was observed. When 
these cells were transfected with a nuclear targeted beta-galactosidase plasmid (CMV 
promoter) complexed with cationic lipid (Lipofectamine®), greater than 20% of the 
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cells (Figures 1 and 2) grown on the denatured collagen (in a formulation hypothesized 
to lead to TB4 being upregulated) were successfully transfected, whereas the cells 
grown on native collagen exhibited almost no transfection. Quantitative beta- 
galactosidase enzymography (Figure 3) confirmed these results, as did transfection 
5 with GFP (green fluorescent protein) DNA. 

In a related experiment, circumstances were created which promoted a 
cytoskeletal change to one "with increased intracellular TB4 and thus increased G- 
Actin. Rat arterial smooth muscle cells (A10 cells) were grown on either native 
collagen or denatured type I bovine collagen (gelled at pH 7.4, 37°C) and then 
10 compared to those cells grown on denatured type I bovine collagen (denatured at 100°C 
for one hour at pH 3.0), and dried as a film on culture plates. The cells which were 
:! grown on native collagen exhibited a stellate configuration, and demonstrated little or 
C3 no transfection following lipofection using beta-galactosidase pi as m-i d DNA and 
j 5i i Lipofectamine®. In contrast, the cells that were grown on denatured collagen (using 
15;i7j the same cell number for both cases) exhibited an elongated morphology, and 
demonstrated more than 20% of cells transfected. Quantitative enzyme assays 
p: confirmed the enhancement of expression (Figure 3). An independent GFP experiment 
(Figure 2) using A10 cells confirmed this result. 

u, Example 2 

20 The objective of the experiment described in this Example was to 

ascertain whether Tenascin C itself was able to enhance the cytoskeletal 
permissiveness of a cell for transfection with a nucleic acid, thereby resulting in an 
increase in the extent of transfection of cells grown on native collagen containing 
Tenascin C relative to cells grown on native collagen alone. The results of these 

25 experiments indicated that Tenascin C itself was effective at enhancing the efficiency 
of delivery of a nucleic acid to a cell, thus increasing the extent of transfection. 

A10 cells were grown on native type I collagen containing 0, 15 and 50 
micrograms per milliliter of Tenascin C. The cells were transfected with p-EGFP-N3 
(green fluorescent protein) plasmid DNA. Twenty-four hours after transfection, the 
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fluorescence of cells grown on the native type I collagen containing 0, 15 and 50 
micrograms per milliliter of Tenascin C (Figures 4A, 4B and 4C, respectively) was 
assessed. A bright field micrograph (Figure 4D) was also taken of the cells grown on 
native type I collagen containing 15 micrograms per milliliter of Tenascin C. As 
shown in Figures 4A, 4B, 4C and 4D, providing Tenascin C to the cells grown on 
native type I collagen resulted in a dose-dependent increase in transfection of A10 
cells, as evidenced by the dose-dependent increase in GFP expression. 

The cells grown on native type I collagen in the absence of Tenascin C 
exhibited almost no transfection (Figure 4A). In contrast, cells grown on native type I 
collagen containing 15 micrograms per milliliter of Tenascin C exhibited increased 
transfection (Figure 4B), and cells grown on native type I collagen containing 50 
micrograms per milliliter of Tenascin C exhibited the highest degree of transfection 
(Figure 4C). The bright field micrograph (Figure 4D) indicated that cells grown on 
native type I collagen containing 15 micrograms per milliliter of Tenascin C had 
beautiful collagen fibril alignment and normal cell morphology after the experimental 
methodology. 

Example 3 

The objective of the experiment described in this Example was to 
ascertain whether cytochalasin D was able to enhance the cytoskeletal permissiveness 
of a cell for transfection with a nucleic acid, thereby resulting in an increase in the 
extent of transfection of cells provided cytochalasin D relative to cells which were not 
provided cytochalasin D. Cytochalasin D is an agent known to depolymerize F-Actin 
to G-Actin. The results of this experiment indicated that cytochalasin D itself was 
effective at enhancing the efficiency of delivery of a nucleic acid to a cell, thus 
increasing the extent of transfection. 

A10 cells were grown on native type I collagen. The cells were 
transfected with p-EGFP-N3 (green fluorescent protein) plasmid DNA as described 
above. Immediately after lipofection, cytochalasin D at a final concentration of 1 
nanomolar was either added to cells for thirty minutes, added to cells for an overnight 
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incubation or not added at all (control). The fluorescence of control cells, cells treated 
with cytochalasin D for thirty minutes, and cells treated with cytochalasin D for an 
overnight incubation (Figures 6A, 6B and 6C, respectively) was assessed. Bright field 
micrographs were also taken of the control cells, cells treated with cytochalasin D for 
5 thirty minutes, and cells treated with cytochalasin D for an overnight incubation 
(Figure 7 A, 7B and 7C, respectively). 

As shown in Figure 6, providing cytochalasin D to the cells grown on 
native type I collagen just after transfection resulted in a time-dependent increase in 
transfection of A10 cells, as evidenced by the time-dependent increase in GFP 
10 expression. Significantly greater transfection was exhibited by cells provided 

cytochalasin D, relative to cells which were not provided cytochalasin D. After just a 
^ thirty minute exposure to cytochalasin D, a marked change in cell shape was observed 

(Figure 7), and increased transfection was exhibited relative to the control cells. 
M< Overnight exposure to cytochalasin D led to' a more rounded cell shape and a notably 
1 5 p[| higher amount of transfection. The results of this experiment indicated that forcing F- 
^ Actin depolymerization to G-Actin by providing cytochalasin D to cells just after 
Q lipofection was effective at enhancing the efficiency of delivery of a nucleic acid to a 
{ IL; cell, thus increasing the extent of transfection. 

^ The disclosures of each and every patent, patent application, and 

20 ^ publication cited herein are hereby incorporated herein by reference in their entirety. 

- While this invention has been disclosed with reference to specific 
embodiments, it is apparent that other embodiments and variations of this invention 
may be devised by others skilled in the art without departing from the true spirit and 
scope of the invention. The appended claims are intended to be construed to include all 
25 such embodiments and equivalent variations. 
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